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Field of the Invention 

The present invention relates generally to liquid crystal display devices, and more 
particularly to a system and method for minimizing the image degradation that often 
occurs during the writing of a frame of video information to a liquid crystal display 
comprising a plurality of pixels. 

Background of the Invention Technology 

Liquid crystal displays (LCDs) are commonly used in devices such as portable 
televisions, portable computers, control displays, and cellular phones to display 
information to a user. LCDs act in effect as a light valve, Le., they allow transmission of 
light in one state, block the transmission of light in a second state, and some include 
several intermediate stages for partial transmission. When used as a high resolution 
information display, as in one application of the present invention, LCDs are typically 
arranged in a matrix configuration with independently controlled pixels (the smallest 
segment of the display). Each individual pixel is signaled to selectively transmit or block 
light from a backlight (transmission mode), from a reflector (reflective mode), or from a 
combination of the two (transflective mode). 

LCDs are actuated pixel-by-pixel, either one at a time or a plurality 
simultaneously. A voltage is applied to each pixel and the liquid crystal responds to the 
voltage by transmitting a corresponding amoimt of hght. In some LCDs an increase in 
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the actuation voltage decreases transmission, while in others it increases transmission. 
When multiple colors are involved for each pixel, multiple voltages are applied to the 
pixel at different positions or times depending upon the LCD. Each voUage controls the 
transmission of a particular color. For example, one pixel can be actuated to allow only 
5 blue light to be transmitted while another allows only green. A greater number of 
different light levels available for each color results in a much greater nimiber of possible 
combination colors. 

Mr .... 

P Converting a complex digital signal that represents an miage or video mto 

O 

□ voltages to be applied to the pixels of an LCD involves circuitry that can limit the 
Ul 10 monochrome resolution. The signals necessary to drive a single color of an LCD are both 
^ digital and analog. It is digital in that each pixel requires a separate selection signal, but it 

1^ is analog in that an actual voltage is appHed to the pixel to determine light transmission. 

O 

nj 

□ Each pixel in the core array of the LCD is addressed by both a column (vertical) 
driver and a row (horizontal) driver. The column driver tums on an analog switch that 

15 connects an analog voltage representative of the video input (control voltage necessary 
for the desired liquid crystal twist) to the column, and the row driver tums on a second 
analog switch that connects the column to the desired pixel. 

The video inputs to the LCD are analog signals balanced around a center reference 
voltage of typically from about 6.0 to 8.0 volts. A common reference voltage is not a 
20 supply or signal from anywhere, rather it is a mathematical entity. Nearly the same as the 
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center reference voltage is a voltage called "VCOM," which connects to the LCD cover 
glass electrode, which is a transparent conductive coating on the inside face (liquid crystal 
side) of the cover glass. This transparent conductive coating is typically Indium Tin 
Oxide (ITO). 

One frame of video pixels are run at voltages above the center reference voltage 
(positive inversion) and for the next frame the video pixels are run at voltages below the 
center reference voltage (negative inversion). Altemating between positive and negative 
inversions results in a zero net DC bias at each pixel. 

In the gray area of the LCD response curve, very small errors in voltage cause 
unacceptable artifacts in the viewed image. Due to the frame rates that the displays run at 
it is necessary to load the analog voltages very quickly. As such, the sample and hold 
ftinction that determines the pixel's voltage is very sensitive. When a pixel is written, the 
sample and hold function must apply the incoming video voltage to the colunm capacitor 
and the associated pixel capacitor. This is done by closing the column switch and pixel 
switches in an appropriate fashion. The time constant of the colxmm capacitor dominates 
the function and the charging of the pixel capacitor can be ignored for practical purposes. 
Due to the nature of the function, when a row has been written the column capacitors are 
left with an image of the voltages associated with the previous row. Thus, when a row is 
being written the voltage on the column capacitor is typically being changed from the 
voltage associated with the previous row to the new voltage associated with the current 
row. 
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The problem arises when the previous row had differing voltages from the row 
being written. The worst case occurs when the previous row has areas of white and areas 
of black and the next row to be written is a xmiform gray. Since the pixels are essentially 
and RC circuit settling out to an end value, the end value will be slightly different if the 
5 initial values are different. This error in voltage results in imacceptable image 
degradation. 

The problem is manifested in the display in several fashions. Typically, it is seen 

2 as a darker gray area when a black area is displayed in a uniform gray field. The darker 

O 



aE 



gray area is found in the next row to be written after the black area ends. Depending on 

m 

M 10 the exact system and method used to write the display, there are two locations where the 

m 

5 ^ darker gray area appears. In one location, the darker gray area appears one row below the 

^ black area and aligned with the black area. In the other location, the darker gray area 

Q appears one row below the black area and one column off from the black area. 

One solution to the problem would be to slow down the frame rate that the display 
15 runs at. The drawback of this solution is that the frame rates at which the display would 
have to run to cause a visible improvement are too low, that is, under 120 hertz. Typical 
RGB applications require that the display be refreshed at 120 hertz or higher to have 
acceptable display of video images. Sequential color applications require frame rates in 
the 300 hertz or higher range. 



HOU01:627028.l 



Attorney Docket No. 



# 



U.S 




INT APPLICATION 



068363.0113 

Another solution is to reduce the column capacitance. However, the column 
capacitance can be reduced only so much because of the constraints placed by the 
construction of the silicon chip on which the display is formed. One such constraint is 
that the colvmin metallizations run across the entire chip with each one being roughly X 
femtoFarad of capacitance. Also, there is considerable capacitance due to the hundreds of 
disconnected column traces. The capacitance of each disconnected switch is roughly Y 
femtoFarads. For example, in an SXGA microdisplay driven with four channels, each 
video line is attached to 1280/4 = 320 solid-state switches. Usually, only one or two of 
the switches is tumed on at any time, leaving the capacitance of 319 or 318 disconnected 
switches attached to the video line. 

Yet another solution is to reduce the resistance of the drive circuit. However, the 
semiconductor process, size and speed considerations limit reductions in the resistance. 
Much of the resistance is due to the very long column metallization surface. A typical 
coliunn trace is U microns wide by V millimeters long. The trace is deposited aluminum 
with a typical resistance value is W ohms. Another contributor to the resistance is the 
column solid-state switch. Such switches are limited to widths on the order of the pixel 
sizes, which are typically around 10 microns. The "On" resistance of such switches are 
typically V ohms. 
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The present invention overcomes the above-identified problems as well as other 
shortcomings and deficiencies of existing technologies by providing a system and method 
for precharging the column capacitors to a fixed voltage prior to writing each row. 

In one embodiment, the liquid crystal display (LCD) has a matrix of liquid crystal 
pixels arranged in a plurality of columns and a plurality of rows. The plurality of 
columns have an associated plurality of column switches, which are adapted for coupling 
the columns of the LCD to an output voUage. The plurality of rows have an associated 
plurality of row switches, which are adapted for selectively coupUng the plurality of 
columns to the pixels of the LCD. The LCD includes logic circuitry, which is coupled to 
the plurality of column switches and the plurality of row switches. The logic circuitry is 
adapted to send a control signal to the plurality of column switches to couple the plurality 
of columns to a fixed voltage prior to the writing of each row, thereby precharging the 
column capacitors prior to the writing of each row. 

In one aspect of this embodiment of the present invention, the logic circuitry is 
coupled to at least one digital-to-analog converter (DAC), which outputs the output 
voltage. The logic circuitry commands the at least one DAC to output a desired video 
voltage. In another aspect of this embodiment of the present invention, the logic circuitry 
commands the at least one DAC to output the fixed voltage. 

In another embodiment of the present invention, the LCD includes a plurality of 
secondary column switches adapted for coupling at least one of the plurality of columns 
to a fixed voltage. In this embodiment, the logic circuitry is coupled to the plurality of 
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primary and secondary column switches and the plurality of row switches, and is adapted 
to send a control signal to the at least one secondary column switch to couple at least one 
of the plurality of columns to the fixed voltage thereby precharging the at least one 
colxmm prior to the writing of each row. 
5 In yet another embodiment of the present invention, the logic circuitry is adapted 

to send a control signal to the plurality of column switches to couple the plurality of 
columns to each other to thereby equalize the one or more voltages stored on the columns 

g 

□ prior to the writing of each row. 

In still another embodiment of the present invention, the logic circuitry is adapted 
g 10 to send a control signal to one primary column switch to couple its associated column to a 

5 

^ desired video voltage. It also sends another control signal to a secondary column switch 
P in a successive coliunn so as to couple the successive colunrn to a fixed voltage. This 

m 

SSSL 

^ arrangement thereby enables the successive column to be precharged to the fixed voltage, 
which is preferably a mid gray voltage, while the preceding column is being charged to 
15 the desired video voltage. The logic circuitry is further adapted to send a control signal to 
the primary column switch to couple the successive column to a desired video voltage 
and send a control signal to a secondary colimm switch corresponding to the next 
successive column to couple the next successive column to the fixed voltage. This 
enables the successive column to be charged to its desired video voltage as the next 
20 successive column is being charged to the fixed voltage. This sequence of charging one 
column capacitor to a desired video voltage while the successive column capacitor is 
being charged to the fixed voltage is repeated until all of the pixels in a given row have 
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been written. It is then repeated for each successive row until all of the rows in the matrix 
have been written. 

In one variant of this latter embodiment, the logic circuitry is adapted to send a 
control signal to the secondary column switches in a group of columns, i.e., the 
5 successive two or more columns, to couple the group of columns to the fixed voltage 
while the preceding column is being charged to the desired video voltage. 

In yet another embodiment of the present invention, a method for writing a video 

p frame row by row in a liquid crystal display (LCD) having a matrix of liquid crystal 

B 

Q pixels arranged in a plurality of columns and a pluraUty of rows, wherein each column 

m 10 has an associated capacitor and each pixel has an associated capacitor is provided. The 

W method includes the step of charging the column capacitors to a fixed voltage prior to 

6 

^ writing each row. In one aspect of this embodiment of the present invention, the colimm 
B 

ry capacitors are charged to a fixed voltage by coupling them to an analog voltage driven to 

b 

M a mid gray voltage under the command of a logic circuit. In another aspect of this 
15 embodiment of the present invention, the column capacitors are charged to a fixed 
vohage by coupling them to a voltage supply driven to a mid gray voltage. 

In another embodiment of the present invention, the method is carried out by 
coupling the column capacitors together after a row has been written and prior to writing 
the next row, so that the voltage stored on the colunm capacitors during the writing of the 
20 previous row is equalized to an average value prior to writing the next row. 

In still another embodiment of the present invention, the method is carried out by 
charging a colxmin capacitor to a desired video voltage while charging a successive 
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column capacitor to a fixed voltage during the writing of each row. In this embodiment, 
after the successive column capacitor is charged to the fixed voltage it is charged to a 
desired video voltage and at the same time the next successive column capacitor is 
charged to the fixed voltage. The sequence of charging one colunm capacitor to a desired 
video voltage while the successive column capacitor is being charged to a fixed voltage is 
repeated until all of the pixels in a given row have been written. The sequence is then 
repeated for each successive row until all of the rows in the matrix have been written. 

A variant of the latter method is performed by charging a group of successive 
colimm capacitors, Le., two or more successive column capacitors to a fixed voUage 
while charging the column capacitor to the desired video voltage. 

Other technical advantages of the present disclosure will be readily apparent to 
one skilled in the art fi-om the following figures, descriptions, and claims. Various 
embodiments of the invention obtain only a subset of the advantages set forth. No one 
advantage is critical to the invention. 

Brief Description of the Drawings 
A more complete understandmg of the present disclosure and advantages thereof 
may be acquired by referring to the following description taken in conjunction with the 
accompanying drawings, in which like reference numbers indicate like features, and 
wherein: 
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Figure 1 is a block diagram of the pixel matrix and related control circuitry 
corresponding to the liquid crystal display device according to the present invention. 

Figure 2 is a schematic diagram illustrating one embodiment of a system 
according to the present invention for writing a video frame. 

Figure 3 is a schematic diagram illustrating another embodiment of a system 
according to the present invention for writing a video frame. 

Figure 4 is a schematic diagram illustrating yet another embodiment of a system 
according to the present invention for writing a video frame. 

Figure 5 is a schematic diagram illustrating still another embodiment of a system 
according to the present invention for writing a video frame. 

Figure 6 is a functional flow diagram illustrating one method of writing a video 
frame according to the present invention. 

Figure 7 is a functional flow diagram illustrating another method of writing a 
video frame according to the present invention. 

Figure 8 is a functional flow diagram illustrating yet another method of writing a 
video frame according to the present invention. 

Detailed Description of the Preferred Embodiments 

The present invention is directed to liquid crystal display devices having circuits 
for fast writing to pixels a frame of video information. The pixels or a subgroup of them 
are first precharged to a selected preferred voltage then the final pixel values are written 
to each pixel. The selected preferred voltage is preferably a grayshade near 128 on a scale 
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where black is grayshade 0 and white is grayshade 255. (The 16.7 million color space is 
defined as 256 grayshades of red, 256 grayshades of green and 256 of blue. The 16.7 
million figure is the cube of 256). 

Referring now to the drawings, the details of preferred embodiments of the 
invention are schematically illustrated. Like elements in the drawings will be represented 
by like numbers, and similar elements will be represented by like numbers with a different 
lower case letter suffix. 

Figure 1 illustrates a schematic block diagram of a liquid crystal display system in 
accordance with the embodiments of the present invention. A high-level block diagram of 
a system for writing voltage values to pixels of a liquid crystal display (LCD) is generally 
represented by the numeral 100. The voltage values being written to the pixels are 
representative of a firame of -video data. The voltage values control the "twist" of the liquid 
crystal material at each pixel so that when a light is flashed on or through the LCD, the light 
polarization and ultimately the intensity of the Ught is controlled by the "twist" of the liquid 
crystal material in each pixel in the LCD. 

For illustrative purposes, the LCD 100 depicted in Figure 1 comprises a matrix of 
pixels 102 having M rows 104 and N columns 106. The combination of row control logic 
110 and column control logic 1 12 are used to select each of the pixels for writing thereto in 
the LCD 100, as more fully described hereinbelow. Video to pixel translation logic 
(hereinafter translation logic) 116 performs the necessary calculations and steps to translate 
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a video frame image 118 into discrete digital values 1 19 which are sent to digital-to-analog 
converters (DACs) 120, 121, 122, 123, 124, 125, 126 and 127, and the pixel location 
addresses thereof are sent to the row and column control logic 110 and 112. It is 
contemplated and within the scope of the present invention that an LCD having any number 
5 of rows and columns may benefit from the present mvention. In addition, any number of 
DACs may be used according to embodiments of the present invention. 

Referring now to Figure 2, a schematic diagram of the pixel capacitors of the 

p liquid crystal display system of Figure 1 is illustrated. The M x N matrix comprises pixels 
□ 

Q P(0,0) through P(M,N), pixel capacitors 200 through 2MN, pixel row switches 300 through 

iH 10 3MN, pixel column capacitors 400 through 40N, and pixel column switches 500 through 

^ 50N. The pixel row switches 200 though 2MN connect the pixel capacitors P(0,0) through 

s 

^ P(M,N) to the Columns 0 through N. The pixel column switches 500 through 50N connect 

O 

F|j the column capacitors 400 through 40N, respectively, to the output voltage 600. 
O 

An LCD operates by applying certain voltage values to each pixel of the LCD. A 
15 certain voltage at a pixel causes liquid crystals at that pixel to change their "twist" 
orientation so that light passing through the LCD or being reflected is thereby affected. The 
translation logic 116 uses the received video frame information 118 to create appropriate 
voltage values which are representative of that portion of the video fi^e at each one of the 
pixel locations. In addition, the translation logic 116 associates an x-y coordinate (row- 
20 column) location for each of these pixel voltage values. 
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The DACs 120-127 receive digital representations of the voltage values from the 
translation logic 116 and convert these digital representations to analog voltage values 
which must then be ^plied to each corresponding pixel location. Each of the pixels P(0,0) 
through P(M,N) has a capacitance associated therewith, and each of the colunms 0 through 
N has a capacitance associated therewith. The capacitance of each pixel may not all be the 
same, nor may the capacitance of each column be the same. The column capacitance is 
greater than the pixel capacitance. An analog voltage value must charge the respective 
colunm and pixel capacitances to which it is appUed. The output of the DAC is connected 
to the column and thereby fully charges the capacitance to a desired analog voltage, then the 
pixel is connected to the column and the pixel capacitance is charged from the voltage on 
the column. Since the column capacitance is greater than the pixel capacitance, the voltage 
on the pixel will be substantially the same as the voltage on the column. 

The liquid crystal material also has a finite time constant for orientation by the 
applied voltage. The voltage applied to each pixel must also be altemately reversed in 
polarity so that a direct current charge does not develop on the liquid crystal material. All 
of these factors increase the write time of a pixel necessary for the liquid crystals of the 
pixels to settle into the desired light modification positions. It is desirable and necessary 
that the pixel capacitance be charged as quickly as possible so as to maximize the available 
settling time of the liquid crystal material at each pixel position. It is also necessary that the 
pixel capacitances be charged as close to the target capacitance as possible. 
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All LCDs charge a column to a certain voltage then select a pixel row so that the 
intersection thereof is the desired pixel to be charged. For example, columns 0-7 are 
charged fix>m the DACs 120-127, respectively, when the column switches 500-507 are 
closed. Pixels P(0,0) through P(0,7) are charged from the columns 0-7, respectively, when 
the row switches 300-307 are closed. A plurality of DACs may be used to simultaneously 
charge a like number of columns, then a like number of switches in a row may be used to 
charge a like number of pixels from the charged colunms. The column control logic 112 
and row control logic 110 control operation of the column switches 500-50N and row 
switches 300-3MN, respectively. 

In the embodiment of the invention shown in Figure 2, the column control logic 
circuit 1 12 sends a control signal to the column switches 500 through 50N to couple the 
columns 0 through N respectively to the analog output voltage 600, which is driven to a 
fixed voltage prior to the writing of each row. The analog output voltage 600 is driven by 
the DACs from control signals received from the translation logic circuit 118. Preferably, 
the fixed voltage is a mid gray voltage value. In this way, the maximum voltage 
excursion in charging a column to any grayshade is minimized. Thus, the column 
capacitors 400 through 40N are precharged to the mid gray voltage or some other mid 
range fixed voltage prior to the writing of each row. 

In this embodiment, each row is written by having the row control logic circuit 
118 send a control signal to the desired row, for example Row 0. All of the row switches 
in Row 0, namely switches 300 through 30N, are thereby closed. Next, each of the pixels 
in Row 0, namely P(0,0) through P(0,N) are individually and sequentially coupled to the 
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analog output voltage 600. During the writing of each row, in this case Row 0, the analog 
output voltage is driven to the video voltage(s) desired to be stored on each pixel 
capacitor (200-20N). After Row 0 is written, but before Row 1 is written, the column 
capacitors 400 through 40N are precharged to the mid gray voltage. This step is repeated 
between the writing of each row until all of the rows have been written and the frame is 
complete. 

Figure 3 illustrates a schematic diagram of another embodiment of the liquid 
crystal display system according to the present invention. In this embodiment of the 
present invention, the LCD includes a plurality of auxiliary or secondary column switches 
700 through 70N, which couple the columns 0-N to a fixed voltage 602 prior to writing 
each of the rows. The fixed voltage 602 is supplied from a voltage source (not shown) 
independent of the DACS and is preferably driven to the selected preferred voltage. The 
selected preferred voltage is found through an understanding of the L.C. switching 
performance and the driving performance. The secondary column switches 700 are 
activated by control signals, which may be sent either directly from the translation logic 
circuit 1 18 or through the column control logic circuit 1 12. Thus, in this embodiment of 
the present invention, the colimm capacitors 400 through 40N are also precharged to the 
selected preferred voltage or some other fixed voltage prior to the writing of each row. 
Furthermore, each row is written as described above with respect to the previous 
embodiment. 

Figure 4 illustrates a schematic diagram of yet another embodiment of the liquid 
crystal display system according to the present invention. In this embodiment, the 
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secondary column switches 700-70N are instructed to couple the plurality of columns 0-N 
to each other to thereby equalize the one or more voltages stored on the columns prior to 
the writing of each row. Control signals may be sent to the secondary column switches 
700-70N in this embodiment by the translation logic circuit 118 or through the column 
5 control logic circuit 1 12. 

The preferred embodiment of the present invention is illustrated in Figure 5. In 
this embodiment, the column control logic circuit 1 12 sends a control signal to a primary 

^ colunm switch, for example switch 500, to couple its associated column (0) to a desired 

0 

O video voltage. The translation logic circuit 1 16 (or alternatively the column control logic 

O 

J 10 circuit 112) sends another control signal (Close Aux SW) to the secondary column switch 

^ in the successive column, in this case switch 701, so as to couple the successive column 



6 



y> (1) to the fixed voltage. This arrangement thereby enables colxmm 1 to be charged to the 
S fixed voltage while column 0 is being charged to the desired video voltage. 
2 In the embodiment of Figure 5, the column control logic circuit 112 is fiirther 

15 adapted to send a control signal to the primary colimm switch 501 to couple column 1 to 
a desired video voltage and the translation logic circuit 116 (or alternatively the column 
control logic circuit 112) is adapted to send a control signal to the secondary column 
switch (702) corresponding to the next successive colunm (2) to couple the next 
successive column to the fixed voltage. This enables the successive coliunn to be 
20 charged to its desired video voltage as the next successive colimin is being charged to the 
fixed voltage. This sequence of charging one colimm capacitor to a desired video voltage 
while the successive colunm capacitor is being charged to a fixed voltage is repeated until 
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all of the pixels in a given row have been written. It is then repeated for each successive 
row until all of the rows in the matrix have been written. 

In one variant of the embodiment illustrated in Figure 5, the logic circuitry is 
adapted to send a control signal to the secondary column switches in a group of columns, 
5 i.e., the successive two or more columns, to couple the group of columns to the fixed 
voltage while the preceding column is being charged to the desired video voltage. 

Figure 6 illustrates one method of writing a video fi'ame according to the present 

^ invention. First, the column capacitors are charged to a fixed voltage, preferably a mid 

S 

O gray voltage. This step is illustrated in block 801. The column capacitors can be charged 

O 



J 10 to a fixed voltage either by coupling them to an analog voltage output by the DACs, 



RJ 
G 



which is driven to a preferred fixed voltage under the conmiand of the logic circuitry, or 
^ by coupling them to a voltage supply driven to a preferred fixed voltage. After the 
colimm capacitors are charged to the fixed voltage a row is written, as illustrated in block 
802. A row is written, as described above, by coupling all of the pixel capacitors to the 
15 columns, and sequentially coupling the columns to the video voltage(s) desired to be 
stored on each of the pixel capacitors in the row. After a row has been written, the 
colxmm capacitors are charged again to the fixed voltage, as illustrated in block 803. 
Next, the successive row is written as described above, as illustrated in block 804. These 
steps are repeated until all of the rows in the matrix have been written, as illustrated in 
20 block 805. 

In an alternate embodiment, the method is carried out by coupling the column 
capacitors together between the writing of successive rows, so that the voltage stored on 
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the column capacitors during the writing of the previous row is equalized to an average 
value prior to writing the next row. This modified method is illustrated in blocks 901- 
905 of Figure 7. 

In still another embodiment of the present invention, the method is carried out by 
first coupling the pixel capacitors in row 0 to columns 0-N. This step is illustrated in 
block 1001 in Figure 8. In the next step, the column capacitor 400 in column 0 is charged 
to a desired video voltage while the successive column capacitor 401 in column 1 is 
charged to a fixed voltage. These steps are illustrated in blocks 1002a and 1002b in 
Figure 8. In the next step, colvmin capacitor 401 in column 1 is charged to a desired 
W 10 video voltage while the next successive column capacitor 402 in column 2 is charged to 

s 



O 
D 



the fixed voltage. This step is illustrated in blocks 1003a and 1003b. The sequence of 

charging one colxmm capacitor to a desired video voltage while the successive column 

Q 

fy capacitor is being charged to a fixed voltage is repeated until all of the pixels in a given 

O 

H row have been written. This is illustrated in block 1004. The sequence is then repeated 
15 for each successive row until all of the rows in the matrix have been written. This is 
illustrated in block 1005. 

A variant of the latter method is performed by charging a group of successive 
column capacitors, e.g., charging colimm capacitors 401 and 402 or 401, 402 and 403 to a 
fixed voltage while charging column capacitor 400 to the desired video voltage. As those 
20 of ordinary skill in the art will appreciate, any number of colimm capacitors could be 
included in the block of successive column capacitors being charged to the fixed voltage 
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while the preceding column capacitor in a given row is being charged to a desired video 
voltage. 

It is contemplated and within the scope of the embodiments of the present 
invention that the LCD and LCD system may be partially or entirely fabricated on a 
semiconductor integrated circuit. 

While the present invention is susceptible to various modifications and alternative 
forms, specific embodiments thereof have been shown by way of example in the drawings 
and are herein described in detail. It should be understood, however, that the description 
herein of specific embodiments is not intended to limit the invention to the particular 
forms disclosed, but on the contrary, the intention is to cover all modifications, 
equivalents, and alternatives falling within the spirit and scope of the invention as defined 
by the appended claims. 
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